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Abstract  
This thesis examines the decision-making processes used in the creation of stone arrangement 
sites through an investigation of the archaeological record at the Gummingurru Aboriginal 
Stone Arrangement site, southeast Queensland. The hypothesis of this research is that the 
creators of stone arrangements deliberately selected certain rocks based on size and shape for 
the production of motifs. The aim is to determine the decision-making processes that may 
have occurred during the creation of the motifs that make up stone arrangement sites. To test 
my hypothesis I conducted a preliminary analysis on four of the motifs at Gummingurru.  
 
The thesis is set in a social constructivist methodology. As Gummingurru is an Aboriginal 
site, the theoretical literature that frames my research concerns Aboriginal cultural Law and 
Aboriginal worldviews. However, because my data are archaeological measurements, I have 
also used quantitative methods in the form of the statistics computer program SPSS (the 
Statistical Package for the Social Sciences) version 20. Using this combined methodology of a 
constructivist paradigm and quantitative methods, I investigate whether the case study motifs 
at Gummingurru were created from rocks deliberately selected for size and shape.  
 
My results demonstrate that there are indeed signs of deliberate selection of rock having been 
made in the construction of the case study motifs at Gummingurru. Consequently, I conclude 
that there are archaeological signatures of human behaviour and Law with respect to the 
choice of raw materials, at least in stone arrangement sites.   
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Chapter 1:  
Introduction 
 
Introduction 
Aboriginal stone arrangements are a common feature in the archaeological landscape of 
Australia. Nevertheless, while the arrangements are routinely photographed and measured for 
quantitative documentation, and qualitatively assessed and interpreted through observation 
and oral history, assessment of the rocks themselves and their placement within the 
arrangement are often overlooked. My hypothesis is that the creators of stone arrangement 
sites deliberately selected certain rocks, based on size and shape, for the production of motifs  
and therefore an analysis of the rocks of a stone arrangement, and their placement, is an 
integral part of stone arrangement research. In this thesis I test my hypothesis by analysing 
the size and shape of rocks used in the creation of four of the motifs from the Gummingurru 
Aboriginal Stone Arrangement Site (Gummingurru) on the Darling Downs, southeast 
Queensland, using the archaeological data set collected by Dr Anne Ross and Dr Sean Ulm 
(Ross and Ulm 2010). The analyses I perform test for non-random placement of the rocks and 
I thereby determine whether or not a process of deliberate selection of particular rocks exists 
in relation to the creation of the Gummingurru stone arrangement.  
 
Problem definition  
Stone arrangements are purpose built structures. In Australia, stone arrangements are usually 
classified as being used in one of two ways: for ritual and ceremonial purposes with the 
patterns often described as pathways, cairns, circles, and geometric forms (Horton 1994; 
Kearney and Bradley 2006; Mullins et al. 1982; Veitch et al. n.d); or for secular purposes, 
such as fish traps, hut bases, and hunting hides (McNiven 2003; O’Connor 1987; O’Connor  
et al. 2007; Rowlands and Rowlands 1966; Rowland and Ulm 2011; Vietch et al. n.d). Using 
Gummingurru as a case study, my research aims are to examine the decision-making 
processes that occurred in the creation of motifs at this stone arrangement site. My specific 
research question is: Are we able to interrogate the archaeological record objectively in order 
to understand what decision-making processes may be occurring?  
 
Literature pertaining to the role of choice in the selection of raw materials has generally 
concentrated on: materials selected for artefact manufacture; resources used in the 
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procurement of food for subsistence; and choice of ochre in rock art creation (Jones and 
White 1988; Taçon 1994). There is little information about choices in relation to stone 
arrangements. With this in mind, I investigated what Paton (1994) and Rose (1996) call 
‘universal’ Aboriginal Laws1 governing raw material selection and examined whether such 
Laws may also apply in the choice of rocks used in the creation of stone arrangement sites. 
These ‘universals’ pertain to the socio-cultural system that is evident in Indigenous groups 
across Australia and the Torres Strait Islands generally, and encompass a regulated body of 
social behaviours. 
 
Aboriginal Law is governed by the connection that Aboriginal people have to country 
(Bradley et al. 2010; Latz 1995; Rose 1996), the kinship people feel to a landscape, the sites 
within that landscape, and the flora and fauna of that landscape (Moreton and Ross 2011). An 
individual’s ability to access raw materials for lithic production or for art and the selection of 
resources more generally, is governed by the Law and a person’s status in the country to 
which he/she belongs or is visiting (Davidson et al. 2005; Morphy 1991). Aboriginal people 
have a complex and conditional relationship with their environment. This relationship 
includes their connections to places, objects, and with each other. Aboriginal Law is a direct 
consequence of the spiritual and sacred creation stories of the Dreaming (Davidson et al. 
2005; Morphy 1991). Creation stories dictate who is able to visit particular areas without 
adverse consequences (Godwin 2005; Paton 2005; Rose 1996), and define kin relationships 
and consequent behaviours (Bowdler 2005; Davidson et al. 2005; Meehan and Jones 2005; 
Paton 1994). This structured system of social rules also regulates social behaviour. Thus the 
questions that need to be asked are: Can our understanding of resource selection, as 
determined by Aboriginal Law, be used to understand decision-making processes at a stone 
arrangement site? Do similar Laws in Aboriginal society also govern the selection of rocks 
for stone arrangements? 
 
Rationale  
Stone arrangements in Australia, although common, are rarely recorded in detail (Ross 2008). 
Research into how stone arrangements are created and the decision-making processes that 
people go through or have gone through in the past to create these arrangements is also rare. 
While there is literature in relation to Aboriginal Laws governing the procurement of raw 
                                                   
1I will use ‘Law’ when discussing Australian Aboriginal Law and ‘law’ when discussing the concept of 
anthropological law more generally. 
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materials generally, there is very little in relation to the choice of rocks for the creation of 
stone arrangements. 
 
Aboriginal Law is inextricably linked to spirituality, which itself is linked to the landscape, 
also known as ‘country’. Bradley (2008) notes that Yanyuwa people (Northern Territory) 
speak about country in the same way they speak about humans and use the same terms of 
kinship relations and affiliations. Objects are also seen as kin because they are part of country. 
Country and objects are said to be ‘named’ and part of the Law (Bradley 2008). Therefore, 
according to Yanyuwa cosmology, a plant, an animal, a geographical feature, or a rock may 
be understood to be kin. Furthermore, creator beings and ancestral spirits still reside in the 
landscape, in its features, and in the flora and fauna. In this way the bond between Aboriginal 
people and their kin becomes part of their phenomenological existence (Basso 1996; Bradley 
2001, 2008; Langton 2005; Rose 1992, 1996) whereby people associate with the landscape in 
which they live according to the actions and journeys made by creator and ancestral spirits. 
The past and present-day activities of creator and ancestral beings connect present-day people 
through stories, experiences, and memories and give the landscape and its elements a dynamic 
spirituality (Lavers 2010). 
 
Beyond the landscape, Appadurai (1986) theorises that objects have biographies and that as 
culturally constructed items they are endowed with meanings and categorised within a 
specific cultural framework. While Appadurai contextualises the biographies of objects into a 
Western economic model, the questions he poses can be equally relevant to the biographies of 
objects outside this context. For example, certain rocks from a specific area may be instilled 
with spiritual power from that area (Bradley 2008; Kearney and Bradley 2006) giving them 
cultural value and meaning. This knowledge then adds to the discourse on the biographies of 
objects – including the biographies of rocks used in stone arrangements – and thus we can 
ask: Why was the site created? What were the motifs that were created on the site? Are there 
particular patterns within the motif/s? Can the rocks that form the patterns be understood to 
have been deliberately placed there? Can we access the decision-making process through the 
archaeological record? 
 
The research conducted for this thesis is novel; I present a new way of looking at the 
archaeology of stone arrangements. I investigate not just the nature of the decision-making 
processes as seen in literature, but I also analyse the archaeological signature of such 
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processes. The outcomes of my research will assist in forming the basis of future 
investigations into how stone arrangements may have been designed and organised, and 
perhaps help to glimpse what the people of the past were thinking when creating the 
arrangements. Furthermore, by conducting this research, the Jarowair Traditional Custodians 
of Gummingurru will have new information about the cultural and social landscape in which 
they live.  
 
Aims  
The main aim of my research is to determine whether there are observable patterns in motifs 
at Gummingurru that suggest deliberate choices in the selection and use of rocks in the 
creation of motifs. I integrate the extensive data set collected during site recording (Ross and 
Ulm 2009, 2010) with literature relating to Aboriginal Law and resource selection. My results 
may have implications for the way other stone arrangements in the greater Darling Downs 
region and indeed across Australia generally, are viewed and may have wider implications for 
the way stone arrangements are viewed from an academic and applied cultural heritage 
management perspective. 
 
Another aim of this thesis is to provide a service to the Traditional Custodians of 
Gummingurru, the Jarowair people. The Jarowair community was displaced from their 
country after the arrival of European settlers (Gilbert 1992) and it is only in the last decade 
that they have begun to reconnect with their traditional land. While the current senior 
custodian, Mr Brian Tobane, has some recollection of his great uncle (Bunda aka Harry 
Darlow or John Darlow) passing down some stories via oral history (Ross and Ulm 2009, 
2010), most of the story of Gummingurru and its surrounding cultural landscape is being 
pieced together by anthropologists, archaeologists and cultural heritage managers (Ross 2008, 
2010; Ross and Ulm 2009, 2010).  
 
Information gathered from both literature and oral histories will be used as part of my 
research. Through my analysis of the decision-making processes of their ancestors, I also 
want to give the Jarowair people some more information about the site itself. This will, in 
turn, help to reconstruct the heritage and history of the landscape, and how Jarowair ancestors 
used it. Furthermore, Aboriginal interpretations of material culture may differ from those of 
archaeologists, and other researchers (Godwin and Wiener 2006:125; see also Clarke 2011). I 
hope that the information gathered for this thesis can be interpreted by the Jarowair 
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Custodians in their own way for their own cultural benefit. The Jarowair people, including Mr 
Tobane, are supportive of continued research on the site by The University of Queensland 
researchers. 
 
Research design   
The research design for this thesis involves the analysis of a subset of motifs from 
Gummingurru. The data set comprises: plots of the exact location of rocks in the stone 
arrangement; photographs of each rock; and measurements of all rocks on the site. It also 
includes details of motif names that have been assigned by the Traditional Custodians and 
The University of Queensland researchers.  
 
Using a number of statistical analytical methods (detailed in Chapter 4), I examine four case 
study motifs in relation to the size (length) and shape (length:width ratio) of the rocks used to 
create the patterns. The four motifs chosen for examination are: the Catfish; the Large 
Starburst; the Initiation Ring; and the Carpet Snake (Figures 1- 4). The Catfish was chosen 
because it was the first motif in which researchers observed what appeared to be signs of 
deliberate rock selection. The Large Starburst was chosen because of its potential to show 
signs of deliberate rock selection, given the obvious variation in rock size between the various 
elements that make up this motif. The Initiation Ring and the Carpet Snake were chosen for 
their potential to deliver differing results: i.e. that they would show signs of random selection.  
The latter two motifs were part of the original recording of the site by Bartholomai and 
Breedan (1961), while the Catfish and Large Starburst have only been recorded recently (Ross 
and Ulm 2009, 2010).  
 
Due to the paucity of literature on Aboriginal Law relating to stone arrangements, I have set 
my research in a wider body of literature relating to the selection of resources. The literature 
reviewed (discussed in more detail in Chapter 3) emphasises Aboriginal Law pertaining to the 
creation of the landscape and all that is held within it, including the actions of the creator and 
ancestor spirits (Harkin 2000; Kearney and Bradley 2009; Tamisari and Wallace 2006). 
Understanding the dimension of ‘connectedness’ adds to the understanding of Laws 
governing selection and this contextualises the co-dependent relationship Aboriginal people 
have with the landscape.  
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This thesis is part of a larger community-based research project. The importance of involving 
members of the community in research about their cultural heritage and the landscape to 
which they are connected is important for the interpretation of the cultural and material record 
of the site in question. Understanding the relationship between objects, humans, and the 
landscape from a community perspective promotes the exploration of alternative explanations 
to those seen through a Western scientific lens (Bender 2006; Clarke 2011; Kearney and 
Bradley 2006; Scott 1996). As a consequence, my research methodology is primarily 
constructivist (see Chapter 4), with a case study focus. 
 
Case study  
The Gummingurru site is located north of Toowoomba, on the Darling Downs, southeast 
Queensland (Figure 5). It is approximately 5 hectares in size. Prior to European settlement the 
site was used as a men’s ceremonial and initiation site, however today the site has been 
redesignated by the Traditional Custodians as a place of learning where tours are conducted 
for schools and the general public. 
 
The Jarowair Aboriginal people are the Traditional Custodians of the country (Ross 2008). Mr 
Brian Tobane, one of the Custodians, up until very recently lived at the site with his extended 
family. Tobane would regularly go onto the site to tend to the ‘old’, previously recorded 
arrangements and to ‘resurrect’ buried arrangements (see Chapter 2). Consequently the site 
has a number of old and newer motifs. Naturalistic motifs and ceremonial rings dominate the 
previously recorded arrangements (see Bartholomai and Breedan 1961), while the newly 
resurrected and recently recorded motifs tend to be more abstract in form, although some 
naturalistic motifs also occur amongst the recently raised motifs (see Ross and Ulm 2010). 
 
Limitations  
The displacement of the Jarowair people from Gummingurru and eventually their entire 
country is a limitation to this thesis. Since their displacement circa 1890 (Gilbert 1992) most 
of their stories about places of significance have either been lost or diminished, with details 
largely preserved by European settler families and/or in written texts (Lavers 2010). In light 
of this limitation I have focused on overarching social rules in Aboriginal Law rather than 
using regional specifics.  
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Figure 1a: Catfish body   Figure 1b: Catfish whiskers 
(photo courtesy of  A. Ross)   (photo courtesy of  A. Ross) 
 
    
Figure 2: Large Starburst   Figure 3: Aerial view of the Initiation Ring  
(photo courtesy of A. Ross)  (photo courtesy of  A. Ross) 
 
                                             
Figure 4: Carpet Snake  
(photo courtesy of  A. Ross and S. Ulm) 
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The chronology of the site is another limitation to this thesis. While there have been attempts 
to date stone arrangements (Veitch et al. n.d.), the findings suggest that late Holocene stone 
arrangements are continuously modified. We see this continuing modification occurring at 
Gummingurru today with Tobane ‘resurrecting’ rocks and motifs. In this regard, I have not 
discussed the likelihood of modification in the past during the pre-colonial period as it is 
beyond the scope of this thesis. 
 
Literature by McNiven (2003) and Barker and Lamb (2011) concerning the ritual and 
functional use of stone and bone arrangements in the Torres Strait Islands, and the islands and 
coastal areas of far north Queensland have been reviewed. However, given that the case study 
for this thesis is set in an inland part of mainland Australia, only the more commonly 
understood cultural elements of McNiven’s and Barker and Lamb’s research have been used. 
 
Thesis outline 
In this chapter I have outlined the various elements this thesis contains, with brief 
explanations of the steps I took to examine the literature and case study material.  
 
In Chapter 2 I present the case study in more detail, including the site’s past and present-day 
story. I detail the site’s physical and cultural setting. I elaborate on the geographical, 
historical, and present-day setting including the contemporary uses of the place, and the 
cultural landscape within which the Gummingurru site is situated.  
 
In Chapter 3 I review the literature pertaining to Aboriginal Laws associated with choice, 
selection, and decision-making in resource procurement. I discuss how Aboriginal cosmology 
and subsequently Aboriginal Law is a key determining factor to people’s behaviour and their 
resource selection.  
 
In Chapter 4 I outline the qualitative and quantitative methodology within which my thesis is 
situated. I also explain the analytical methods I use to examine the data set from 
Gummingurru. Furthermore I detail the more advanced statistical methods I use in my 
analysis. 
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Figure 5: Map of Southeast Queensland, showing the location of Gummingurru. 
(Ross 2008:92) 
 
In Chapter 5 I examine the Gummingurru data set using a variety of statistical analytical 
methods. I present the results of the analysis for each of the selected motifs and I discuss the 
results in light of the hypothesis and related questions outlined above. 
 
Finally, in Chapter 6 I conclude with a discussion of the results from my analysis in relation 
to the literature reviewed. Using the literature I demonstrate that Aboriginal Law can be 
applied to stone arrangements and that decision-making in the selection of rocks for a stone 
arrangement can be seen in the archaeological record.  
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Chapter 2:  
Gummingurru: the Site and its Surrounding Cultural Landscape  
 
Introduction 
The Gummingurru Aboriginal Stone Arrangement Site (Gummingurru) is more than just a 
pile of rocks in the landscape – a dot on a heritage map. As a men’s ceremonial and initiation 
site it can be described as an ‘activity area’ (Binford 1983; Tamisari and Wallace 2006). 
However it is much more than that and for the Jarowair people, as Traditional Custodians of 
the area, the site has great importance and cultural significance (Ross 2008, 2010; Ross and 
Ulm 2009, 2010). Gummingurru has pre-colonial, post-colonial, and present-day stories that 
have created a multi-layered understanding of the site. Further, the site is linked to other 
nearby and more distant activity areas that create an understanding of the wider cultural 
landscape of which Gummingurru is a part (Lavers 2010; Thomas and Ross in press). 
 
In this chapter I narrate the story of Gummingurru, from its physical setting and the way it 
was used in the past, to the way it is now used by both the Aboriginal community and the 
wider community. The site itself is a place that has multi-faceted meanings due to its position 
in the cultural landscape, which I will also unpack in this chapter. 
 
Gummingurru: The dot on a map  
Gummingurru is a stone arrangement site that is approximately 5 hectares in size on a 
property in the Gowrie Creek catchment. Set in a natural amphitheatre, most of the 
Gummingurru site is on exposed basalt capstone rock that is eroding due to natural 
environmental processes hastened by grazing activity. The property has an ephemeral creek 
on its western edge. Basalt outcrops are found on the site and it is from these natural outcrops 
that the rocks used to create the stone arrangements have been taken. There is evidence that 
the arrangement may well have covered a larger area in the past, with the adjoining properties 
showing evidence of rocks that have been cleared from the paddocks and used to prop up 
fence lines (Bartholomai and Breedan 1961; Gilbert 1992).  
 
In conjunction with the stone arrangement site, there are a number of natural features at 
Gummingurru that suggest that the site was specially selected by the Aboriginal people of the 
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area. Satterthwait and Heather (1987; see also Heather 1987) have noted that ceremonial Bora 
sites in the Moreton Bay region have a number of common features: there is usually a distinct 
visual barrier to the site (either a geological barrier or one created by vegetation); there are 
very often scarred trees around the perimeter of the site (used as a warning of the existence of 
a restricted or dangerous site nearby); and there is fresh water in close proximity to the 
ceremonial place (see also Rose 1996). These attributes are seen at Gummingurru: the natural 
amphitheatre and the creek, coupled with scarred trees found on surrounding properties (Ross 
and Ulm 2009, 2010), and ethnographic evidence that vegetation was particularly dense with 
vines and grass (Gilbert 1992), are all elements that are noted as being part of a specially 
selected site. In particular, the amphitheatre provides a natural visual barrier as one 
approaches the site from the surrounding landscape, and especially between the main 
campsite, the women’s area, and the ochre quarry (Figure 6).  
 
 
Figure 6: Map showing Gummingurru and other sites within the close cultural landscape 
(Ross and Ulm 2010:15) 
 
Pre-colonial history  
Oral history of the site has shown that Gummingurru was an important men’s site, a place 
where men gathered to perform initiation ceremonies and conduct other activities such as 
trade (Gilbert 1992; Ross and Ulm 2010). The ceremonies did not just involve people from 
the immediate area but also included people from as far away as the New England plateau, 
southwest Queensland, Carnarvon Gorge, and the Dawson-Burnett region (French 1989, 
Jerome 2002, Tindale 1974). People from these areas would come to Gummingurru on their 
way to the Bunya Gatherings at the Bunya Mountains (French 1989; Tindale 1974; Whincop 
et al. 2012). The Bunya Gatherings were held approximately every three years and involved 
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feasting on the ripe nuts of the Bunya Trees (Araucaria bidwillii), the performance of 
ceremonies, and activities that established alliances between groups (Jerome 2002; Rowlings-
Jensen 2004).  
 
The journey to the Bunya Gatherings saw men and boys make their way to Gummingurru 
where they would stay for ‘weeks at a time’ (Bunda, pers comm. to Brian Tobane, in Ross 
and Ulm 2010), performing ceremonies that included initiation rituals, and conducting other 
business. It was important that the boys be initiated into manhood prior to their attendance at 
the Bunya Gatherings so that they could be involved in the adult activities there. These 
activities included participation in ceremonies, sharing of knowledge, arranging marriages, 
and involvement in trade negotiations and conflict resolution. 
 
When Gummingurru was first recorded in 1959 (Bartholomai and Breedan 1961) there were a 
number of visible motifs constructed from the local basalt rock, namely: numerous circles; 
straight and curved lines; a turtle motif; a bunya nut seemingly pointing towards the Bunya 
Mountains (which can be seen from Gummingurru); an Emu; and a Carpet Snake with a 
bulging belly (Bartholomai and Breedan 1961; Gilbert 1992). The snake is the principal 
ancestor of the area, ‘Dakkhan’ (Gilbert 1992:43). It is thought that the belly of the snake 
motif was a liminal area for the boys prior to their initiation (Ross and Ulm 2010). There were 
other motifs known to Bunda but not named until Tobane took custodianship of the site (Ross 
and Ulm 2010). It is unknown what the motifs at Gummingurru were used for, however 
through Tobane we know that one of the circles on the site was directly associated with 
ceremonies: this circle has been designated the Initiation Ring (Ross and Ulm 2010).   
 
Contact history of the site  
In 1877 James Benjamin Jinks, a European settler, purchased the parcel of land on which 
Gummingurru is situated (Gilbert 1992). Jinks cleared the land and stocked it with cattle. 
Through the generations that followed the land passed to Jinks’ descendents until the last 
European owner, Benjamin Gilbert, recognised the importance of the ancient stone 
arrangement and arranged for its recording, protection, and return to the Traditional 
Custodians (Bartholomai and Breedan 1961; Gilbert 1992). 
A keen advocate for the preservation of the site, Gilbert constantly petitioned the various 
governments of the day to have the site protected and given back to the Traditional 
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Custodians, the Jarowair people. In September 2003, the Indigenous Land Corporation (ILC) 
purchased the land on behalf of the Jarowair community, holding the property in trust under 
the provisions of the Native Title Act 1993 (Ross and Ulm 2010). The Jarowair people were 
once again formally reunited with their land. The site was renamed the ‘Gummingurru 
Aboriginal Stone Arrangement’ by the Traditional Custodians, after previously being known 
as the ‘Meringandan’ or ‘Cawdor Aboriginal Stone Arrangement’ (Bartholomai and Breedan 
1961; Feehely 1997; Thompson 2002, 2004). In 2008 the site was officially handed back to 
the Gummingurru Aboriginal Corporation (GAC). Research into the history, archaeology and 
anthropology of the site commenced in 2000 when Dr Anne Ross was invited to undertake a 
Cultural Heritage Management Plan for the site. In 2010, after many years of research in the 
form of survey, recording of archaeological data, the collection of oral history and other 
ethnographic evidence, Ross and Ulm (2010) wrote a comprehensive report on their findings.  
 
Gummingurru today  
Today, Gummingurru remains an important place for the Jarowair people (Jerome 2002; Ross 
2008, 2010; Ross and Ulm 2010; Thomas and Ross in press). However, the activities 
conducted on the site have changed. No longer are ‘traditional’ ceremonies performed, these 
ended circa 1890 (Riethmuller 2006; Thompson 2004). Nevertheless, education and learning 
are still important parts of Gummingurru (Ross 2008). Aboriginal elders welcome the public 
to the site and have erected a purpose-built learning centre near the arrangement to teach 
visitors about the history and cultural significance of Gummingurru. 
 
As well as the learning centre, a website has been developed (www.gummingurru.com.au) 
with the spirit of reconciliation and inclusiveness in mind. Tobane, the current senior 
Custodian, lived on the site until very recently, and conducted tours of the site for school 
groups and other interested parties. In the learning centre, visitors can see some of the 
artefacts collected from the site and can be involved in educational activities relating to the 
site and broader Aboriginal culture of the region. 
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Figure 7: Ross and Ulm’s recording of Gummingurru  
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Figure 8 Original recording of Gummingurru by Bartholomai and Breendan (1961) 
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When he lived at the site, in addition to conducting educational programmes, Tobane would 
regularly walk over the site looking for buried rocks and ‘resurrecting’ them (Ross and Ulm 
2010). Tobane would resurrect the rocks by using a metal rod, poking the soft ground until he 
found a rock buried beneath the surface (Ross and Ulm 2010:6). He would pull the rock out of 
the ground and lie it on the surface immediately above the location from which it was 
removed (Ross and Ulm 2010). In this way, Tobane found a number of new motifs. The 
current map of Gummingurru (7) is remarkably different from the original recording by 
Bartholomai and Breedan (1961) (Figure 8). Tobane sees the resurrection of the rocks as part 
of his life’s work and this ongoing maintenance and interpretation of the site is a classic 
example of the practice of living cultural heritage (Bradley 2008; Byrne 2005; Ellis 2000; 
Godwin and Weiner 2006). 
 
Gummingurru’s cultural landscape  
Oral history documents that the more immediate cultural landscape consisted of a women’s 
ceremonial site and campsite, a communal campsite, scarred trees, an ochre quarry, and other 
story places (Figure 6) (Lavers 2010; Thomas and Ross in press; Thompson 2002). 
Gummingurru is connected to the Bunya Mountains in the northeast (Figure 5). In pre-contact 
times people came from as far away as central and western Queensland and northern New 
South Wales, via Gummingurru and on to the triennial Bunya Gatherings (Jerome 2002; 
Lavers 2010; Morwood 1986, 1987; Ross and Ulm 2010; Rowlings-Jensen 2004; Sullivan 
1977; Whincop et al. 2012). Gummingurru is, therefore, clearly part of a much wider cultural 
landscape.  
 
The Bunya Mountains were, and still are, a very important place for Aboriginal people 
(Jerome 2002; Whincop et al. 2012), with the Bunya Gatherings being recorded by Europeans 
since the 1850s (Petrie 1904; for a detailed summary of the ethonhistory of the Bunya 
Mountains and their associated cultural landscapes, see Whincop et al. 2012). The proximity 
of all these places and the importance placed on them by Aboriginal people (in the past and 
the present) attest to the deep cultural significance and meaning of the sites in this regional 
catchment. 
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Conclusion  
Gummingurru is much more than an archaeological site. Through its cultural significance as 
an initiation ground, it is closely linked to its immediate landscape and with the more distant 
Bunya Mountains. Through its Aboriginal history, researchers have continued to expand their 
understanding of Gummingurru’s cultural landscape. 
 
Gummingurru’s European history is mostly a story of displacement for the Traditional 
Custodians. Its current story is one of reconnection, reconciliation and learning. The Jarowair 
people have returned to the site, renewing their connections to the place and continuing the 
meeting and learning traditions for which the site was originally used (albeit differently and 
for a wider audience). These renewed traditions include the regular maintenance of the rocks 
that form the stone arrangements. In the following chapter I develop the theoretical 
framework for my hypothesis; that choice plays a part in the creation and maintenance of the 
site. I examine Aboriginal Law and I explore the social system within which behaviour, 
including choice in the selection of resources, is contextualised.  
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Chapter 3:  
Literature Review 
 
Introduction  
Aboriginal people select resources, sites, places, and activities based on a range of socio-
cultural rules, or laws. In this chapter I examine the notion of choice in regard to Aboriginal 
Law. I explore how Aboriginal Law, and choice as a subset of this Law, is informed by a 
‘mythico-cosmological’ religious and spiritual doctrine that in turn informs all aspects of 
Aboriginal life (Godwin and Weiner 2006:125). Through an exploration of Law I delve into 
the rules associated with the selection of resources in general and more specifically in relation 
to the selection of particular resources. This review informs later discussion on the choices 
made in the creation of the stone arrangements at Gummingurru. 
 
Law, land and raw materials 
During the time commonly known as the Dreaming, stories emerged as to how particular 
features and objects were created (Myers 1991). These stories dictate the relationship that 
individuals and groups have to country: the landscape and its contents (Rose 1996; see also 
Bradley 2001). The Dreaming is a time when creator beings rose up from the land and sea and 
travelled across the landscape creating features such as lakes and mountains, and distributing 
‘offspring’ in the form of flora and fauna, some of which became human (Bradley et al. 2006; 
Myers 1991). As the creators defined the land and  populated it with various features, they 
also established the cultural Law of the land (Merlan 1998; Rose 1992) so that everything in 
existence is known, named, and has a place. Creator beings, as well as ancestors, are believed 
to be living in the landscape still, and so rights to a place are marked by living peoples’ 
connections to their ancestors as well as to the creator beings, all of which remain active and 
alive in the landscape today (Bradley 2008, 2010; Godwin 2005; Godwin and Weiner 2006; 
Langton 2005). In this way the landscape holds memories and experiences that link people to 
their ancestral past and to the time of creation, the Dreaming. This connection to country 
informs the social organisation of people (Morphy 1995) and it is through this social 
organisation that decisions are made, based on probable consequences, and behaviours are 
modified accordingly (Bell 2002; Godwin 2005; Godwin and Wiener 2006; Zimmerman 
2006).  
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Custodianship of country comes with rights and obligations that are defined in the Law 
(Godwin 2005; Godwin and Weiner 2006; Langton 2005; McNiven 2003; Paton 1994; Rose 
1996). Aboriginal people are connected to country through kin relationships and totemic 
affiliations that are further informed by the Law. In this cyclical way, Dreaming narratives, 
kinship and consequent totemic affiliations are created, named, and informed by the Law. 
Aboriginal people are closely connected to their landscape through these affiliations and it is 
in this way, through people’s connections to country, that Law enforces and reinforces rights 
and obligations. These rights and obligations extend to matters pertaining to decision-making 
and behaviour. The Law governs what rights and responsibilities a person has to the 
landscape, and what resources he/she is allowed to access, thus making choices conditional 
upon the Law. The choices that people make in regards to the Law are a direct consequence of 
Dreaming stories, and respectful conduct through correct actions and behaviour are rewarded 
with the provision of abundant resources by the spirits in the landscape (McNiven 2003; 
McNiven and Feldman 2003; Mullins et al. 1982; O’Connor et al. 2007; Povinelli 1995; Rose 
1996).  
 
Aboriginal Law, therefore, informs all human behaviour, including ceremony and ceremonial 
gatherings. Spiritual and totemic affiliations ensure that secular life in Aboriginal Australia is 
intertwined with religious aspects of life (Latz 1995). The application of Aboriginal Law – 
both formally through ceremony and informally through every day observances – maintains 
cosmological order and reinforces inherited and inalienable land rights, rules, and 
responsibilities, all of which are legitimised by the Dreaming (David 2002). ‘Ritual life is 
carried out with great application’ (Meehan and Jones 2005:148) and ritual is governed by 
‘correctness of form’ (Rosenfeld 2005:181); mistakes may have dire consequences (Bell 
2002; Bradley 2001; Rosenfeld 2005). Ritual observations reinforce the relationships that 
people have with spirit beings in the landscape (Davidson et al. 2005), with country, and with 
everything in the landscape.  
 
Unlike Western ontology that separates humans from nature (Greer 1996; Milton 1999; 
Tamisari and Wallace 2006), Aboriginal perspectives determine that humans are as much a 
part of nature as any other element found in the landscape (Bradley 2001; Kearney and 
Bradley 2006; Rose 1992, 1996; Tamisari and Wallace 2006; see also Basso 1996). Western 
ontology renders objects and features within the landscape as ‘inert’ and ‘mute’ (Appadurai 
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1986), yet the Aboriginal worldview dictates that objects and landscape features have their 
own trajectory, their own life, and that they are encoded with significance (Paton 1994) and 
thus have ‘agency’ (Mosely 2010:63; Povinelli 1995). The agency of the landscape is seen in 
the way people modify their behaviour to adhere to their obligations to country correctly and 
avoid adverse consequences. 
 
For Aboriginal people natural features in the landscape can be ‘read’. The narratives of the 
Dreaming connect ancestors, places, life, and activities (Schreiner 2007). Dreaming stories, 
which detail the actions of the creator beings, are stored in landscape features. Objects, too, 
can be ‘read’ (Appadurai 1986) with Aboriginal Law at the forefront of the narrative.  
 
Thus the narrative of the land and of the elements of the land are all informed by Law and the 
corollary of this is that the selection of raw materials cannot be understood without 
understanding Aboriginal Law. In some cases raw materials gathered from an area, and 
artefacts created from them, are seen as metamorphosed bodies of ancestors and are thus 
‘repositories of meaning’ (Merlan 2005:117). Bradley (2008:634) notes that ‘Objects are not 
just a part of country; they are also themselves called ‘country’, they are part of the kinship 
and emotional wealth of the country’. Objects are the manifestation of ancestral and creator 
beings and their actions within the landscape and as such must be dealt with carefully and 
according to the Law. In this way raw materials are chosen and used with cultural 
responsibilities and obligations in mind. 
 
Raw material selection  
It is clear that Aboriginal Law is a driving force in the selection of raw materials, from food 
sources to lithic materials and ochre. Ethnographic and archaeological research demonstrates 
that the nature and method of raw material selection goes beyond the physical properties of 
the raw material and includes intrinsic values and the social and political contexts within 
which collection itself occurs (Ross et al. 2003; Torrence 2005). These intrinsic or 
‘metaphysical’ properties (Meehan and Jones 2005:161) can often transcend the utilitarian 
properties required for the manufacture of tools and other objects (McBryde 1984). The sites 
from which the raw material is taken include ‘informal sites of ceremony’ (McNiven 2003), 
where rights and responsibilities are enacted in the procurement of materials for a range of 
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tangible and intangible functions. The Dreaming identifies which creator spirit created which 
parts of the landscape, under what circumstances,  and which Laws govern the care and 
maintenance of raw materials (Bates 1993; Kearney and Bradley 2006; Meehan and Jones 
2005). Furthermore, the rights and obligations that Aboriginal people have to country and to 
Law direct people’s behaviour during the selection, gathering, and use of resources and raw 
materials.  
 
The power of lithic resources is illustrated particularly in stories associated with quarries. The 
classic example is Jones and White’s (1988) visit to the Ngilipitji stone quarry in eastern 
Arnhem Land, Northern Territory. The Ngilipitji quarry is a well-known site of excellent 
quality lithic raw material and has a number of important and sacred Dreaming stories 
connected to it. Quartzite spear heads have been manufactured at this site for millennia. Jones 
and White were told by the Traditional Owners, who accompanied them to the site, that 
Ngilipitji is the source of the stone used to make the stone points carried in the Dreaming by 
the Wawilak sisters (see also Berndt 1952; Groger-Wurm 1973). It is the story of the sisters, 
along with other stories (alluded to but not told by Jones and White) that give the quarry its 
spiritual significance, and the stone its desirable, yet dangerous, qualities. These stories 
inform the Traditional Owners about the Laws associated with the site and rules for the 
procurement of raw material.  
 
Jones and White (1988) documented the Traditional Owners of the Ngilipitji quarry 
describing the spirit of the stones they were inspecting, declaring certain ones to be ‘right’, 
while others were ‘overcooked’, ‘not ready’ or ‘dangerous’. Jones and White also alluded to 
the secret and sacred story held within the stones; the ritual and actual power held inside the 
stones would be released during the knapping process. The raw materials were given 
anthropomorphic qualities that informed the Traditional Owners of the creative and ancestral 
events that had occurred in the area. Thus the responsibilities and obligations the Traditional 
Owners have towards ancestors and creator beings are embodied in the way they select and 
use stone and these ways adhere to Aboriginal Law. 
 
Elsewhere in Australia, certain ochre pieces are deemed to be similarly powerful: the power in 
the ochre is transferred to the motif being painted through the use of the ochre (Davidson et 
al. 2005). Morphy (1991) described how a person is bestowed with the right to produce 
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certain paintings; he notes that permissions are needed to divulge knowledge, with 
infringements possibly leading to death. These rights to produce paintings stem from the 
power of the ochre and the knowledge held by the artist and used to control that power. Ideas 
pertaining to the power of an object (in this case ochre) can be linked to issues of rights and 
responsibilities based on the kin relationships people have with the landscape and its contents 
(natural features, flora, and fauna). For example, Rosenfeld’s (2005) research with the Arrente 
people of the central desert shows that different motifs are found in habitation sites compared 
to the motifs found at restricted or non-habitation sites. She found that generic hand stencils 
and a range of motifs of everyday objects were abundant at habitation sites, while more 
elaborately designed motifs were prevalent at restricted sites. Rosenfeld’s observations 
exposed the restricted nature of particular rock art designs and motifs. The choices that are 
made in selecting the ochre, the site, the motif, or the correct/appropriate person to create the 
painting are all based on the relationship and the subsequent rights and responsibilities that 
the person or group of people has to the objects involved in the production of the art (ochre, 
site, motif). It is through the implementation of Aboriginal Law that decision-making occurs 
in relation to selecting the ochre and the appropriate motifs to paint.  
 
This example , and other similar case studies, support the conclusion that certain rock art may 
be restricted, in both manufacture and viewing, in the same way that lithic materials may be 
restricted. Do such raw material restrictions extend to other features in the Australian 
Indigenous cultural landscape, including stone arrangements? 
 
Discussion: The meaning of things 
Country is of overwhelming importance for Aboriginal social and cultural life (Mullins et al. 
1982:11) as it is seen to be alive, sentient, and knowing (Bradley 2001, 2008; Povinelli 1995; 
Rose 1992; Steeton and Bradley 2004; Tamisari and Wallace 2006). One aspect of the 
Aboriginal worldview concerns the interpretation of material conditions and the composition 
of the land; the ‘conceptual life of Aboriginal People is always indexed by some material 
mark’ (Godwin and Weiner 2006:125). One of the ways in which sacred places are marked is 
with standing stones, circles of stones, and other types of stone arrangements. Stone is 
associated with a sense of permanency (Taçon 1994:125-126) and is therefore able to stretch 
across time and through generations. Stone arrangements remind people in the present of 
people in the past and as such inform and remind Traditional Owners of ancestral activities 
and the Dreaming, which in turn remind them of their present-day rights and obligations. 
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Stones used in these ways have multiple layers of meaning, holding an accumulated body of 
tradition that is cognitively and socially constructed (Kearney and Bradley 2006). This 
process of marking, mythologising, and mythicising landscapes also socialises them (Taçon 
1994), creating an element of social embeddedness. The social embeddedness of artefacts 
creates a personal relationship between an object and its owner, which extends through the 
artefact, to create relationships between people (Appadurai 1986); between ancestors and 
creator beings; and between people and the landscape. Paton (1994:181) notes that artefacts 
can be ‘foremost symbols communicating coded information’, with the real value being in the 
messages they are communicating. Often the coded information pertains to the Dreaming 
story that is situated in, or with, the object and/or the site where that story resides. In this way 
the object’s or site’s story, along with a person’s connection to the story through that person’s 
ownership of the object, or site, reinforces the social embeddedness of the artefact or place.  
 
In an effort to understand the culturally specific meanings held within objects and places, 
questions can be asked about the value that objects or places hold for Aboriginal culture, and 
the kinship ties that connect an object or place to people. In the case of Gummingurru, 
knowing that it was a specific ceremonial site, the relationship people had to the site might 
have been more important and may have come with a more regulated set of rights and 
obligations than more general sites, such as the main campsite. At Gummingurru not only was 
the site created, it was also a creation site itself, creating men from boys.  
 
By creating a narrative or biography of a piece of material culture or site, we are able to 
examine the subtleties of human interaction with the item or place in question (Kopytoff 
1986). Furthermore, by examining the biography of an object/place we can ask the same 
questions that we would of a person: Where does the thing come from? Who made it? What 
are the recognised ‘ages’ or ‘periods’ in the thing’s ‘life’? What has happened to it? Asking 
these types of questions can often  make salient what might otherwise remain obscure 
(Kopytoff 1986). Biographies also suggest that the object/s have agency (Mosely 2010); it is 
this agency that acts as a constraint on people’s behaviour and the choices they make during 
the decision-making process (Fletcher 1995; Mosely 2010; Wobst 2000). This cultural 
construction, the value given to objects, the access to knowledge, and the constraints on 
people’s action and the decisions they make cannot be understood without the understanding 
of Aboriginal Law and the part it plays in directing people’s behaviour. 
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Conclusion 
By understanding the context of social practice, the interaction and inter-relatedness of 
Aboriginal people with their landscape (Tamisari and Wallace 2006), surroundings, and 
objects, on a broad scale, I am able to use the theoretical knowledge of Aboriginal Law to 
inform my research into whether choice played any part in the selection of rocks at 
Gummingurru. Using Aboriginal Law/s pertaining to the social system that informs people’s 
behaviour and subsequently the reasons why people choose particular objects I am able to 
investigate the decision-making processes that occurred during the construction of the 
Gummingurru site. In the next chapter I discuss the methodology and methods I use to 
analyse the decision-making processes in the rock selection at Gummingurru.  
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Chapter 4:  
Methodology and Methods 
 
Introduction 
In this chapter I explain the methodology and methods involved in the collection, sorting, and 
analysis of data from the Gummingurru Aboriginal Stone Arrangement site. My 
methodological approach is quantitative, however this approach is set within constructivist 
theory. The research question relates to the choices people have made in building the site, the 
‘construction’ of the motifs, and I ask whether these choices can be analysed archaeologically. 
While a quantitative methodology and a constructivist paradigm are often said to be 
diametrically opposed and ‘difficult to marry’ (Greer 1996:107; Hodder and Hutson 2003; 
Scott 1996; Shanks and Tilley 1987), in this chapter I show how Gummingurru is an excellent 
case study to illustrate the value of combining both approaches in certain research contexts. 
 
Archaeology has always been about the analysis of material culture – the remains of past 
societies. Material culture is the tangible evidence left behind at a site by a person or group of 
people at some point in the past. The ‘artefact’ has always been the most important item 
produced at a site but through time the ways archaeologists have interpreted the meaning of 
the artefact, and examined the information it has generated, have changed. Despite a focus on 
material remains, archaeology is primarily about understanding the ‘Indian behind the 
artefact’ (Deetz 1968; Flannery 1967). Research must acknowledge the individual/s who 
created the artefact if an interpretation of human behaviour is to be generated. Archaeological 
investigation should, where possible, acknowledge the social system behind the ‘Indian 
behind the artefact’ (Deetz 1968; Flannery 1967; Hodder and Hutson 2003).  
 
Social systems act on individuals and/or groups, and the regulations of the system inform 
behaviour that in turn leads to decision-making that conforms to a society’s and a culture’s 
regulations (Deetz 1968; Flannery 1967; Morphy 1995; Paton 1994). Do these social systems 
and cultural regulations have an archaeological signature? The methodology and methods 
employed in this thesis have been chosen to meet the goals of reconstructing past social 
‘rules’ relating to the formation of the stone arrangements at Gummingurru.  
 
While archaeology cannot, of course, recover the minute details of decisions made in the past, 
it can analyse the social system, using artefacts. So it is with Gummingurru; the material 
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culture that remains is what we are able to analyse. Through analysis, are we able to detect a 
decision-making process in the use of the rocks and the creation of the site? Using the ‘Indian 
behind the artefact’ metaphor, I ask whether an understanding of a society, and thus a part of a 
social system, can be inferred from the creation of the artefact/s. In addition, I ask whether it 
is possible for us to see that social system in material culture.  
 
A social archaeology/constructivist paradigm informs my quantitative analysis. We can see 
the people behind the artefact, and the social system behind them. It is through the 
combination of this paradigm and quantitative methodology that we can understand the 
motivations and behaviours of the people creating Gummingurru.  
 
Methodology  
As indicated above, the methodology I use draws on elements of constructivist theory. The 
analysis of data is almost exclusively quantitative owing to the nature of the data collected at 
the Gummingurru site. In interpreting the data I use the understanding of Aboriginal Law (set 
out in Chapter 3) to gain an insight into the processes that people were using in the creation of 
the site. Quantitative methods allow the analysis of a data set to be made with objectivity – 
with scientific methodology being a cornerstone of this type of analysis (Shanks and Tilley 
1987). Through rational and statistical testing, archaeological objects are reduced to defined 
elements (Ellis 2000), namely numeric values that can be interpreted in a logical and objective 
manner. Using this methodological framework in the analysis of Gummingurru I am able to 
assess the evidence for deliberate and considered action. 
 
There is a danger that data investigated via quantitative methods will disintegrate into an 
endless and meaningless series of facts and events (Shanks and Tilley 1987:18). In making 
observations about the Gummingurru data, my aim is to integrate a social constructivist 
approach with the analytical results of the data gathered. Social constructivist theory 
recognises that there can be different cultural interpretations of material culture and 
archaeological data (Barker and Ross 2003; Bender 2006; Byrne 2005; Mahoney 2004; 
Zimmerman 2006). By acknowledging multiple interpretations, constructivist theory allows 
researchers to critically examine Western paradigms that are generally accepted in scientific 
research (Silverman 2000; Smith and Burke 2005; Sullivan 1977). The exploration of 
alternative constructs helps to explain the social world and social phenomena that might 
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otherwise be overlooked using purely quantitative analyses (Phillips 2006; Silverman 2000; 
Walter 2006). In understanding the social systems that influenced the builders of the 
Gummingurru site I am able to observe, through the data, their decision-making processes, 
their choices in the formation of the site and their decisions regarding the placement of the 
rocks in the formation of the site. 
 
Methods  
Data collection  
Since 2008 a team of archaeologists and student volunteers from The University of 
Queensland (Ross and Ulm 2009, 2010) have recorded over 9000 rocks on the Gummingurru 
site. The recording involved flagging each individual rock, assigning a unique Field Specimen 
Number to each rock, and plotting its location using a Nikon Pulse Laser Station NPL-332 
(Ross and Ulm 2010); each rock was also measured (above ground height, width, and length), 
and photographed. Rocks known to be part of an identified motif were recorded as ‘Motifs’. 
Rocks which were not clearly part of a motif were either recorded as ‘Background’ or 
‘Ambiguous’, with the ‘Ambiguous’ rocks possibly being part of a motif (Ross and Ulm 
2010). The information thus gathered was uploaded into two computer programs by E. 
Jaydeyn Thomas: an Excel Spreadsheet and an ArcGIS program. A detailed map of the site 
was produced using the ArcGIS programme (Figure 7). While some motifs had previously 
been given an interpreted shape (see Chapter 2), for example ‘Carpet Snake’, or ‘Turtle’, there 
were a number of other motifs that were known but had not been assigned names until 
Tobane’s custodianship of the site: for example ‘Starbursts’ (central clusters of rocks with 
radiating ‘rays’), and ‘Waterholes’ (clusters of rocks on top of natural outcrops surrounded by 
concentric circles). The researchers labelled other stone alignments (lines and circles) during 
the recording process as a heuristic device and mnemonic to assist in discussions about the 
documentation activity: for example ‘Geometric’ or ‘Linear’ (Ross and Ulm 2009, 2010). 
 
During one of the field seasons, specific patterns within the motifs were observed. For 
example, it was observed that a number of long, narrow rocks make up the ‘Catfish’ motif’s 
‘whiskers’(Figure 1b); and many  of the ‘rays’ of the ‘Starbursts’ were composed of a large 
rock at the ‘top’ of the ‘ray’ and a series of smaller rocks at the ‘end’. It was because of these 
observations that the premise concerning the role of choice in rock selection was formulated 
for this thesis.  
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My research commenced with a review of the data in the Excel Spreadsheet, generated by 
Thomas. I omitted all rocks that were smaller than 10cm long by 10cm wide, as the 
researchers had determined in the field that only rocks larger than 10cm x 10cm would be 
recorded – the smaller rocks included had been recorded in error. To examine the shapes of 
the rocks more closely I added a length:width ratio column to the Excel Spreadsheet. The 
ratio was calculated by dividing the length of a rock by its width. I use ratios to establish how 
elongated a rock is: the higher the ratio the more elongated the rock. The ratios therefore 
identified any rocks that were particularly elongated.  
 
I separated rocks according to their field of classification (Figure 9): ‘background’, rocks not 
considered to be part of any motif; ‘motifs’, rocks that were part of motifs previously 
identified by Bunda, assigned a form by Tobane, or given a mnemonic description by the 
researchers; or ‘ambiguous’, rocks that are of a general pattern or may have been part of a 
motif. I then separated out all the identified motifs: there are 22 across the whole site. From 
the 22 motifs, I selected  four for detailed analysis (Figure 10): the ‘Initiation Ring’ and the 
‘Carpet Snake’, two pre-existing motifs known to exist at the time of Bartholomai and 
Breedan’s (1961) recording; the ‘Large Starburst’, a ‘newly named motif’ (a motif known to 
Bunda but only named recently by Tobane);  and the ‘Catfish’, a ‘new’ motif, due to its 
‘resurrection’ by Tobane since the commencement of his work on the site (see Chapter 2). 
These four motifs were chosen because they provide a good comparative data set: ‘original’ 
motifs (Initiation Ring and Carpet Snake), a ‘newly named’ motif (Large Starburst), and a 
‘resurrected’ motif (Catfish). Once I had decided on which motifs I would analyse, I separated 
each one into four sections/features so that I would be able to conduct statistical analyses on 
them in the form of a one-way analysis of variance test (ANOVA) (detailed below). The four 
features were based on the individual motif’s naturalistic attributes (Figures 11 – 14); in the 
case of the Initiation Ring, the features are based on the cardinal attributes of the motif. 
 
Analysis methods 
Once I had completed the necessary modifications to the Excel Spreadsheet I analysed the 
data using the computer program SPSS (Statistical Package for the Social Sciences) version 
20. Initially I used the program’s descriptive statistical analysis to check for errors and make 
sure that the data set I was using was ‘clean’ (Pallant 2010:12). The statistical characteristics 
of the motifs, particularly the mean, are essential initial statistical data that are required by the
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 Figure 9: Map of Gummingurru showing fields of classification
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Figure 10: Gummingurru showing location of selected motifs 
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Figure 11: ArcGIS map of the Catfish motif 
 
 
Figure 12: ArcGIS map of the Large Starburst motif 
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program to perform the more advanced statistical analyses (details of which will follow). 
From these initial descriptive statistics I was able to generate a range of histograms. The 
histograms provide information about the distribution of the primary analysis variables – size 
and shape – discussed in detail in Chapter 5 (see Pallant 2010). 
 
Due to the nature of the data – a very large data set with multiple groups – and the thesis 
hypothesis pertaining to deliberate decision-making processes seen through the archaeological 
record, one-way analysis of variance test (ANOVA) was chosen for the analysis of the data 
set from Gummingurru. ANOVA is similar to a t-test. The purpose of ANOVA is to test for 
differences in the mean scores (derived from the descriptive statistics) for statistical 
significance (StatSoft Electronic Statistics Textbook 2012). In ANOVA, the mean scores of 
independent samples (e.g. Whole Site or the individual motifs) are tested against each other 
and the results show whether the groups are equal to each other (or not) and to what degree. 
T-tests are only able to  analyse the mean scores of two samples at one time; for example a t-
test can only compare the mean length of all the rocks in the Catfish motif to the mean length 
of all the rocks in the Whole Site. To then compare the mean length of all the rocks in the 
Large Starburst to the Whole site would take another step in the t-test process. These 
individual steps would have to be continued until all the motifs had been compared to each 
other and against the Whole Site separately. In comparison, ANOVA allows analysis of 
multiple samples (two or more) at one time; for example ANOVA can compare the mean 
length of all the rocks in the Catfish motif, the Large Starburst motif, the Initiation Ring 
motif, the Carpet Snake motif, and the Whole Site, in one step (Smithson 2000; StatSoft 
Electronic Statistics Textbook 2012; see also Pallant 2010). This multiple comparison 
approach is preferable to the multi-stage t-test process, due to its simplicity. While there were 
a number of analyses that only required two samples to be tested, there were times when 
multiple samples needed to be tested. To provide consistent tables of information (as seen in 
Appendix C) I determined that ANOVA testing would be preferable to switching between t-
tests and ANOVA. 
 
The results from ANOVA analyses are shown in the ‘Significance’ column of the program 
(Sig.), presented here as the tables in Appendix C. A significance factor of over 0.05 (up to 
the value of 1) indicates that the placement of rocks at Gummingurru is random; a 
significance factor of less than 0.05 (including a score of 0.00) indicates that the placement of 
rocks is not random 
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Figure 13: ArcGIS map of the Initiation Ring motif 
 
 
Figure 14:ArcGIS map of the Carpet Snake motif. 
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While ANOVA can show that groups are significantly different from each other, it does not 
show where the differences occur. To achieve this result a post-hoc test needs to be conducted 
after the ANOVA testing (Pallant 2010:208). Post-hoc analysis investigates the individual 
differences within selected samples (Pallant 2010:250). In the post-hoc analysis conducted for 
the Gummingurru data set, the Bonferroni method was used. This method of post-hoc testing 
is often applied to make the analysis more robust in its efforts to find statistical significance 
between groups (Smithson 2000; StatSoft Electronic Statistics Textbook 2012). 
 
Organisation of Gummingurru data for statistical analyses 
In light of the statistical analysis methods chosen for the Gummingurru data set, the Excel 
Spreadsheet had to be duplicated and modified to fit the SPSS 20 program. For this I initially 
ran an ANOVA across the site as a whole (Appendix C: Table C1) to determine if there were 
significant differences across the Whole Site. I then separated out the individual case study 
motifs into individual spreadsheets; I also created a separate spreadsheet for the Whole Site. I 
gave each motif and the Whole Site a unique value (Catfish = 1, Large Starburst =2, Initiation 
Ring = 3, Carpet Snake = 4, and Whole Site = 5) so that I could perform an ANOVA 
(Appendix C: Table C2). These analyses gave me an indication of whether or not there were 
significant differences between the groups. 
 
Following this set of analyses, I created five individual spreadsheets: one for each motif 
chosen (Catfish, Large Starburst, Initiation Ring, and Carpet Snake) and one for the original 
Whole Site spreadsheet. I divided each of the four motifs into four, according to their 
respective naturalistic features; in the case of the Initiation Ring I used the cardinal point that 
the feature was facing. The sections are as follows (Figures 11 - 14): 
 
Catfish features:  Body, Fins, Infill, and Whiskers 
Large Starburst features: Central Ring, Core, Outer Rings, and Rays 
Initiation Ring quadrants: Northern Side, Western Path, Eastern Path, and Southern Side 
Carpet Snake features: Back, Belly, Head, and Tail. 
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These elements became values in the SPSS 20 program data set, and from these elements 
individual histograms were generated. ANOVA tests and post-hoc analyses were conducted 
on the elements. The ANOVA allowed me to observe whether any non-random results 
occurred, and the post-hoc analyses provided information on where non-randomness 
occurred. 
 
In my final analysis, I merged individual motif spreadsheets with the Whole Site spreadsheet: 
Catfish and the Whole Site; Large Starburst and the Whole Site; Initiation Ring and the 
Whole Site; and Carpet Snake and the Whole Site. In these new spreadsheets, the selected 
motifs’ individual features retained their values (1- 4 as explained earlier) with the Whole Site 
given the value 5. From this, I was able to conduct ANOVA tests and post-hoc analyses to 
observe whether there was variation within each motif and, if so, to determine the nature of 
the differences compared to the rest of the motif. 
 
Conclusion  
The two types of methodologies that I have outlined in this chapter are seen by some 
researchers as being ‘difficult to marry’. However, for the analysis of the data from 
Gummingurru and to make conclusions about the hypothesis of this thesis it is a fundamental 
necessity to combine these two approaches, as one will inform the other. The results of the 
above-mentioned analytical methods are presented in Chapter 5.   
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Chapter 5:  
Data and Analysis 
 
Introduction  
In this chapter I present my data and analyses in relation to the hypothesis proposed for this 
thesis. I show that rocks in selected motifs at the Gummingurru site display a deliberate 
patterning that suggests that choice of specific sizes and/or shapes of rocks was a factor in the 
creation of the motifs in the stone arrangement. I use length as a measure of size, and 
length:width ratio as a measure of shape in the analysis of the data. I analyse the Whole Site; 
the individual case study motifs in relation to the whole site; and the individual motifs and 
their respective elements. I conclude the chapter with a summary of the results and a 
discussion of the implications they provide in understanding the way people made decisions 
during the construction of the stone arrangements at Gummingurru. 
 
Analysis 
Overview  
Initial quantitative analyses involved creating and evaluating tables created for length 
(Appendix A) and length:width ratio (Appendix B). Tables and histograms (discussed below) 
were created for the Whole Site, the case study motifs (Catfish, Large Starburst, Initiation 
Ring, and Carpet Snake), and their respective features (Figures 15 - 24). The tables allowed 
the identification of the distribution, or range, of rock sizes and shapes across the Whole Site, 
in the four motifs, and in the respective features of the motifs. Histograms (presented below in 
the respective analyses sections) were created as a visual representation of the tables. The 
histograms, like the length and length:width ratio tables, were created for the Whole Site and 
each of the four case study motifs. These sorts of analyses are typical preliminary analyses 
that are regularly conducted prior to more complex tests (Pallant 2010). Advanced statistical 
analyses in the form of ANOVA testing where then undertaken, followed by more refined 
post-hoc analyses.  
 
Analysis of the Whole Site  
Analysis of the Whole Site was conducted prior to the analyses of the case study motifs. This 
was done to characterise fundamental properties of the Whole Site as a starting point from 
which all other analyses would follow. I used the length table (Appendix A) and length:width 
ratio table (Appendix B) for preliminary evaluation.  
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Figure 15: Histogram of the length of rocks occurring across the Whole Site at Gummingurru. 
 
 
Figure 16: Histogram of length:width ratio of rocks occurring across the Whole Site at 
Gummingurru. 
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I found that for length, more than 50% of rocks across the Whole Site were under 20cm long 
and more than 80% under 30cm. Clearly most of the rocks occurring on the site, whether used 
in motifs or just occurring in the background landscape, are relatively small, with only 20% 
being between 30cm and 170cm long (the longest rock measured). The range of length across 
the Whole Site is substantial with the smallest recorded rocks at 10cm and the largest at 
170cm. 
 
The length:width ratio table showed that more than 55% of rocks across the Whole Site were 
under the 1.5:1 ratio and more than 80% were less than the 2:1 ratio. The shapes of the rocks 
across the site as a whole are, therefore, reasonably regular and mostly square in shape with 
only 20% being elongated – between ratios of 2:1 and 11.6:1 (the largest length:width ratio 
measured). As with the length of the Whole Site, the length:width ratio range across the site is 
substantial with the smallest recorded ratio at 1:1 and the largest at 11.6:1. Examination of the 
length histogram (Figure 15) and length:width ratio histogram (Figure 16) supports these 
observations. 
 
Analysis of case study motifs in comparison to the Whole Site. 
Once the size and shape characteristics of the Whole Site had been established, the next step 
was to conduct comparative analyses using ANOVA for each of the four case study motifs 
against the Whole Site. I conducted these comparisons in order to compare the size and shape 
characteristics of the Whole Site to the size and shape characteristics of the individual motifs. 
The results are as follows: 
 
a. Catfish motif and Whole Site (Appendix C: Table C3).  
The ANOVA results for length and length:width ratio both show that there is a 
difference between the size and shape of rocks used in the Catfish motif compared to 
those used generally across the Whole Site (Sig. = 0.00). These results indicate that, in 
comparison to the Whole Site, the Catfish motif was not created randomly; rather the 
rocks used to create this motif were deliberately chosen for both size and shape. 
. 
b. Large Starburst motif and Whole Site (Appendix C: Table C4).  
The ANOVA results for length show that  there is little difference between the size of 
the rocks used in the Large Starburst compared to those used across the Whole Site 
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(Sig. = 0.344). These results indicate that rocks used in the creation of the Large 
Starburst were chosen randomly for size. The ANOVA results for length:width ratio, 
however, show that there is a difference between the shape of the rocks used in the 
Large Starburst compared to those used across the Whole Site (Sig. = 0.01). These 
results indicate that the rocks that make up the Large Starburst were deliberately 
chosen for their shape.  
 
c. Initiation Ring motif and Whole Site (Appendix C: Table C5).  
The ANOVA results for length show that there is a difference between the size of the 
rocks selected for the creation of the Initiation Ring compared to those used across the 
Whole Site (Sig. = 0.008). These results indicate that the rocks that make up the 
Initiation Ring were not chosen randomly but were deliberately selected for their size. 
The ANOVA results for length:width ratio show that there is no significant difference 
in the shape of the rocks selected for the Initiation Ring compared to those used across 
the Whole Site (Sig. = 0.56). These results indicate that rocks that make up the 
Initiation Ring were chosen randomly in terms of their shape. 
 
d. Carpet Snake motif and Whole Site (Appendix C: Table C6).  
The ANOVA results for length show there is a difference between the size of the rocks 
used in forming the Carpet Snake compared to those used across the Whole Site (Sig.= 
0.00). These results indicate that the rocks that make up the Carpet Snake were not 
chosen randomly but were deliberately selected for their size. The ANOVA results for 
length:width ratio show there is no difference between the shape of the rocks used in 
creating the Carpet Snake compared to those used across the Whole Site (Sig. = 
0.571). These results indicate that the rocks that make up the Carpet Snake were 
chosen randomly in terms of their shape. 
 
The results taken as a whole show that some level of deliberate selection either in size 
(length) or shape (length:width ratio), or both, is occurring in at least four of the motifs 
created at Gummingurru, when compared to the Whole Site. To explore the results in more 
detail, further analyses of the individual motifs ensued 
 
 
  
40 
 
Analyses of individual motifs 
Having analysed the case study motifs in comparison to the Whole Site and having found 
evidence to support my hypothesis of deliberate selection of rocks in motif creation, I decided 
to look in more detail at the case study motifs individually. As with the Whole Site, I initially 
examined the length and length:width ratio tables (Appendices A and B) and associated  
histograms (Figures 17 - 24). The initial observation of the tables and histograms lead to 
ANOVA and, in some cases, post-hoc analyses of the individual motifs and their respective 
elements (as detailed in Chapter 4). The results are as follows: 
 
a. Analysis of the Catfish motif  
Examination of the length and length:width tables (Appendix A and B) and histograms 
(Figures 17 and 18) for the Catfish motif showed that nearly 40% of rocks were 
smaller than 20cm in length with more than 70% of rocks smaller than 30cm in length, 
the longest rocks measuring 68cm. The length:width ratio for the rocks in the Catfish 
motif had nearly 50% of rocks smaller than the 1.5:1 ratio, with nearly 75% of rocks 
smaller than the 2:1 ratio, the largest ratio being 7.6:1.  
 
Following from the observations made on the tables and histograms for the Catfish, I 
conducted an ANOVA analysis. The ANOVA results for the Catfish motif show that 
for length, the significance factor is 0.012 and for length:width ratio the significance 
factor is 0.00 (Appendix C: Table C7). Both of these results indicate that in the 
creation of the Catfish motif there is a deliberate selection of rocks for both size and 
shape. Overall this suggests that the Catfish was created very deliberately, with the 
rocks’ size (length) and shape (length:width ratio) being important factors considered 
in the motif’s creation. 
 
I conducted post-hoc analyses to determine the existence of, and nature of, any 
variation between the features of the Catfish motif (Body, Fins, Infill, and Whiskers) 
to discover where in the motif the significance was most prevalent (Appendix D: 
Tables D1 and D2). Using the motif’s naturalistic features (as detailed in Chapter 4) I 
tested the four features against each other. The post-hoc results show that the Body 
and the Fins are significantly different from each other for length, and for length:width  
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Figure 17: Histogram of the length of rocks used in the Catfish motif  
(with Whole Site Histogram inset) 
 
 
Figure 18: Histogram of the length:width ratio of rocks used in the Catfish motif  
(with Whole Site Histogram inset) 
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ratio; and that the Whiskers are significantly different from every other feature in this 
motif. These results indicate that in the creation of the Catfish motif, the size (length) 
of the rocks used for the Body were different from those used for the Fins, and that 
deliberate selection of rocks was occurring for these features. The significant 
difference between the Whiskers and all other features of the Catfish motif suggest 
that shape (length:width ratio) was of most importance in the creation of this feature of 
the motif.  
 
b. Analysis of the Large Starburst motif 
Examination of the length table (Appendix A) and histogram (Figure 19) for the Large 
Starburst motif showed that 60% of rocks were smaller than 20cm in length, with just 
over 80% of rocks smaller than 30cm in length, the longest rock measuring 65cm. The 
length:width ratio table (Appendix A) and histogram (Figure 20) for the rocks used in 
the Large Starburst motif had just over 55% of rocks below the 1.5:1 ratio, with just 
over 85% of rocks below the 2:1 ratio, the largest ratio being 5.5:1.  
 
Following from the observations made using the tables and histograms, I conducted an 
ANOVA analysis. The ANOVA results for the Large Starburst motif show that for 
length the significance factor is 0.00 and for length:width ratio the significance factor 
is 0.001 (Appendix C: Table C8). Both of these results indicate that, in the creation of 
the Large Starburst motif, there is a deliberate selection of rocks for both size and 
shape. Overall this suggests that the Large Starburst was created very deliberately, 
with the rocks’ size (length) and shape (length:width ratio) being important factors 
considered in the motif’s creation. 
 
I conducted post-hoc analyses to determine the existence of, and nature of, any 
variation between the features of the Large Starburst motif (Central Ring, Core, Outer 
Ring, and Rays) to discover where in the motif the significance was most prevalent 
(Appendix D: Tables D3 and D4). Using the motif’s naturalistic features (as detailed 
in Chapter 4) I tested the four features against each other. The post-hoc results show 
that the Outer Rings and Rays are significantly different from each other and from the 
other features in this motif for length. For the length:width ratio the Central Ring was 
significantly different from the Outer Rings and Rays. These results indicate that in  
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Figure 19: Histogram of the length of rocks used in the Large Starburst motif  
(with Whole Site Histogram inset) 
 
 
Figure 20: Histogram of length:width ratio of rocks used in the Large Starburst motif 
(with Whole Site Histogram inset) 
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the creation of the Large Starburst motif, the size (length) of the rocks used for the 
Outer Rings and Rays was an important consideration. The significant difference 
between the Central Ring and the Outer Rings and Rays suggest that the shape 
(length:width ratio) of the rocks used was also an important consideration in these 
features of this motif. The results for the Large Starburst motif show there was 
deliberate selection of the rocks occurring during the creation of this motif, especially 
in the creation the Outer Ring and Ray features. 
 
c. Analysis of the Initiation Ring motif 
Examination of the length table (Appendix A) and histogram (Figure 21) for the 
Initiation Ring motif showed that just over 60% of rocks are smaller than 20cm in 
length, with just over 95% of rocks under 30cm in length, the largest rock measuring 
just 48cm. The length:width ratio table (Appendix B) and histogram (Figure 22) for 
the rocks used in the Initiation Ring motif shows that just over 60% of rocks are below 
the 1.5:1 ratio, with 90% of rocks under the 2:1 ratio, the largest ratio being 5.6:1.  
 
Following from the observations made using the tables and histograms, I conducted an 
ANOVA analysis. I separated the Initiation Ring into four by using the naming 
convention that the research team had for the pathways of the motif and then naming 
the arcs of the circle from their cardinal aspect. The ANOVA results for the Initiation 
Ring motif show that for length the significance factor is 0.120 and for length:width 
ratio the significance factor is 0.146 (Appendix C: Table C9). Both of these results 
indicate that the Initiation Ring motif was created without any consideration for the 
size (length) and shape (length:width ratio) of rocks. As a consequence of these 
results, post-hoc analyses were  not conducted on the Initiation Ring motif.  
 
Nevertheless despite these results suggesting that the size and shape of rocks used in 
the Initiation Ring motif were of little consideration in the construction of the motif, 
further analysis demonstrates that length may indeed have been a consideration in the 
construction of this motif. An examination of the histograms for the Initiation Ring 
compared to the Whole Site (Figures 21 and 22) indicates that the range of rocks used 
in the Initiation Ring is very much smaller, for both size and shape, compared to the 
Whole Site. This means that the rocks for the Initiation Ring motif, chosen from all of 
the rocks available at the site, are small in length and regular in shape (largely square).  
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Figure 21: Histogram of the length of rocks used in the Initiation Ring motif  
(with Whole Site Histogram inset) 
 
 
 
Figure 22: Histogram of length:width ratio of rocks used in the Initiation Ring motif 
(with Whole Site Histogram inset) 
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Therefore, the rocks show little variation between rocks used for the different features 
within the motif and this, in itself, is different from what occurs elsewhere on the site. 
Unique, at least in the four motifs used for this analysis, the Initiation Ring 
demonstrates a remarkable consistency in the size and shape of rocks used to create 
this central motif of the site. The reasons for such consistency and symmetry are not 
known but it could be conjectured that the central Bora motif needs to be regular (cf. 
Bowdler 2005) 
  
d. Analysis of the Carpet Snake motif 
Examination of the length table (Appendix A) and histogram (Figure 23) for the 
Carpet Snake motif showed that just over 30% of rocks are smaller than 20cm, with 
just over 75% of rocks smaller than 30cm in length, the longest rock measuring 44cm. 
The length:width ratio table (Appendix B) and histogram (Figure 24) for the Carpet 
Snake motif showed that just over 60% of rocks were smaller than the 1.5:1 ratio, with 
some 90% of rocks under the 2:1 ratio, with the largest ratio being 3.1:1.  
 
Following from the observations made in the tables and histograms, I conducted 
ANOVA analysis. The ANOVA results for the Carpet Snake motif show that size 
(length) of the rocks was an important consideration for the creation of this motif (Sig. 
= 0.00), with rocks selected deliberately for their size. However shape (length:width 
ratio) appears not to have been a consideration (Sig. = 0.479). 
 
I conducted post-hoc analyses for the length of the features of the Carpet Snake motif 
(Appendix D: Table D5). Of the 12 post-hoc tests conducted for length, eight show a 
significance factor of below 0.05. This means that there is deliberate selection of rocks 
being used in the creation of the Carpet Snake, in all its elements, in terms of size but 
not for shape. 
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Figure 23: Histogram of the length of rocks used in the Carpet Snake motif  
(with Whole Site Histogram inset) 
 
 
Figure 24: Histogram of the length:width ratio of rocks used in the Carpet Snake motif 
(with Whole Site Histogram inset) 
 
 
 
  
48 
 
Summary and conclusion  
Analysis of the length and length:width ratio tables (Appendix A and B) and histograms 
(Figures 25-34) of the Whole Site and those of the individual case study motifs indicate the 
probability of deliberate selection, or choice, of rocks for the creation of (some of) the motifs 
at Gummingurru. Analyses have indicated that across the Whole Site most rocks were of a 
reasonably regular and mostly square shape, with approximately 20% being exceptionally 
elongated in shape and larger in size than the remainder. However, the range of rocks, in 
terms of length and length:width ratio was considerably smaller in the selected motifs 
compared to the range for the Whole Site. Table 1 highlights the limited range, in both length 
and length:width ratio, that the motifs have compared to the Whole Site. 
 
Table 1: Length and length:width ratio ranges of motifs 
Motif Range of Length (10 to x) in 
cm 
Range of Length:width ratio 
(1:x) 
Whole Site 170 11.6 
Catfish 68 7.67 
Large Starburst 65 5.5 
Initiation Ring 48 5.67 
Carpet Snake 44 3.71 
 
The observations noted in the tables and histograms were further analysed using the ANOVA 
test and where necessary, post-hoc analyses were conducted. Tables 2 and 3 show the 
ANOVA results for size and shape. The results of the ANOVA and post-hoc testing 
demonstrate that the rocks used in the four motifs are not randomly selected from those 
available on the site. In particular the tests demonstrate that the size and shape of rocks used 
in the Catfish, and in various elements of all the other case study motifs, are significant. 
 
The ANOVA results showed that against the Whole Site the Catfish motif was the least 
randomly created of the case study motifs. The rocks in the Catfish motif were very 
deliberately selected for both size and shape (highlighted in Tables 2 and 3). The other three  
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Figure 25: Length histogram of Whole Site     Figure 26: Length histogram of Catfish motif   Figure 27: Length histogram of Large Starburst motif 
 
  
Figure 28: Length histogram of Initiation Ring motif   Figure 29: Length histogram of Carpet Snake motif 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
50 
 
    
 Figure 30: Length:width ratio histogram of Whole Site   Figure 31: Length:width histogram of Catfish motif    Figure 32: Length:width histogram of Large Starburst motif 
  
 Figure 33: Length:width histogram of Initiation Ring motif     Figure 34: Length:width histogram of Carpet Snake motif 
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motifs tested positive for randomness in either one or both ANOVA tests against the Whole 
Site (highlighted in Tables 2 and 3). Therefore I can conclude that there appears to be 
elements of non-randomness in the choice of the rocks selected for the creation of: the Large 
Starburst for shape; the Initiation Ring motif for size; and the Carpet Snake for size. In 
addition, when the range of rock size and shape for the respective motifs was examined, I 
found that there were points of significant difference that were not captured by the statistical 
testing: the ranges of these elements were relatively small (see Table 1) in comparison to the 
larger range for the Whole Site. Moreover, when I examined the individual motifs I found that 
there were other aspects of difference within the elements of three of the four motifs (see 
Tables 2 and 3) and that these differences were significant.  
 
Table 2: ANOVA results for Length  
Motif Significance between the 
Whole Site and the motif 
Significance within the motif 
Catfish 0.000 0.012 
Large Starburst 0.344 0.000 
Initiation Ring 0.008 0.120 
Carpet Snake 0.000 0.000 
 
Table 3: ANOVA results for Length:Width Ratio 
Motif Significance between the 
Whole Site and the motif 
Significance within the motif 
Catfish 0.000 0.000 
Large Starburst 0.010 0.001 
Initiation Ring 0.560 0.146 
Carpet Snake 0.571 0.479 
 
The ANOVA tests showed that the Catfish and the Large Starburst had significant internal 
variation compared to the Whole Site. This suggest that the rocks for these motifs were 
deliberately chosen for both size and shape, at least for specific elements of the motif. The 
Initiation Ring had no significantly different internal variation compared to the Whole Site for 
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both size and shape. The size and shape of rocks in this motif were unusually uniform The 
Carpet Snake motif showed internal variation that is significantly different from the Whole 
Site for size only, with the shape of the rocks in this motif being selected randomly.  
 
In conclusion, the analyses show that there were several deliberate choices made in the 
selection of the size and/or shape of rocks in four of the motifs created at Gummingurru. The 
implications of these findings in relation to the literature pertaining to choice (discussed in 
Chapter 3) is explored further in the next chapter. 
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Chapter 6:  
Discussion and Conclusion 
 
Introduction  
Individuals make decisions in all aspects of their lives. At Gummingurru the arrangement 
itself is evidence of this with the deliberate selection of certain rocks for the creation of some 
motifs. The main focus of this thesis has been to understand the decision-making processes 
involved in the creation of this site in the past; how the rocks at Gummingurru were chosen, 
and whether or not it is possible to see decision-making processes in the archaeological record 
of this site. To contextualise my research I examined the underlying social system involved in 
resource selection. I examined literature relating to Aboriginal Law and the regulated social 
system that governs Aboriginal peoples’ behaviours.  
 
Using a social constructivist approach, I developed an understanding of sentient landscapes; 
Aboriginal people widely believe that creator beings from the Dreaming continue to exist in 
the landscape, as do ancestral spirits. These creator and ancestral spirit beings can see, smell, 
hear, speak and act, just as people do today. In fact, the spirits are also believed to have 
supernatural powers and are able to bestow abundance or create malevolence according to 
how they perceive the actions of people in the landscape (Bradley 2001). Moreover, because 
of the nature of Aboriginal Law, all of the elements found in the landscape are connected and 
are considered to be kindred. In this way Aboriginal people have a unique relationship with 
the landscape and with the landscape’s features, often using familial terminology (Bradley 
2001; Godwin and Weiner 2006; Langton 2005; Rose 1996). 
 
Through a review of the literature pertaining to Law and connections to place (Chapter 3), I 
was able to examine notions of symbolic and communicative landscapes and how Aboriginal 
people engage with the landscape and it with them. I demonstrated that, as the landscape has 
been created by Dreaming beings, and as ancestral spirits still exist in the landscape, the 
landscape and everything in it (flora, fauna, and other objects) are believed to be imbued with 
these spirits, thus making the landscape and its contents symbolic and able to be ‘read’ by the 
people for whom these elements are kin.  
 
As I demonstrated in Chapter 3, there has been extensive literature devoted to understanding 
choice in relation to lithic production, art production, food gathering, and other subsistence 
activities but very little in relation to the selection of rocks for a stone arrangement. 
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Aboriginal Laws have a defined set of regulations pertaining to behaviour, including the 
selection of resources and raw materials. Through this understanding of Law, it is reasonable 
to assume that those same Laws would apply to the selection of rocks for a stone arrangement.  
 
To apply this theoretical concept of ‘choice’ to a stone arrangement I used quantitative data 
analyses, specifically using the statistical computer program SPSS version 20 (detailed in 
Chapter 4), to examine four motifs from Gummingurru. This methodological approach 
allowed me to assess quantitatively whether there were patterns in the placement of the rocks 
that form the motifs analysed, and to question whether any patterns found could be explained 
as being the result of deliberate selection.  
 
Discussion  
The quantitative data analyses presented in Chapter 5 showed that all of the motifs examined 
showed some signs of deliberate choice in the selection of rocks. In particular the analyses 
conducted on the Catfish motif showed that it had the strongest evidence to support the 
hypothesis that the rocks had been deliberately selected. The Catfish motif is the most 
contested motif, as it is a ‘resurrected’ motif. As a consequence it has been the subject of 
some conjecture as to whether it is a feature that has been imagined, or even created, by 
Tobane. It has been raised above the ground only in the last decade, having been buried for at 
least 100 years prior to this ‘resurrection’ (see Chapter 2). The analysis and evidence in this 
thesis strongly supports the belief that the motif was indeed a part of the original stone 
arrangement (prior to the displacement of the Jarowair people in the 1890’s) and that 
Tobane’s method of ‘resurrection’ has recovered this significant motif.  
 
The question to be addressed now is: could the evidence for deliberate choice demonstrated in 
the results of this research (Chapter 5) be explained by comparison with literature on choice in 
other aspects of Aboriginal Law and cultural practice? Using the concept of Aboriginal Law 
as an overarching theme, can the data from Gummingurru be interpreted in a social and 
cultural framework for the creation of the site? Anthropological research demonstrates that, 
for Aboriginal people, the landscape is full of creator and ancestral beings; it is sentient and 
can be interactive with living people who can, in turn, engage with the landscape and the 
spirits therein (Rose 1996). ‘Spiritscapes’ (McNiven 2003) are understood to be universal 
components of Aboriginal Law. There is a general understanding across the Australian 
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mainland and into the Torres Strait Islands that the landscape is full of creator and ancestral 
spirits, and that these beings interact with living people in and through the landscape. The 
landscape and spirits therein are said to see, hear, smell, and act (Basso 1996; Bradley 2001; 
Bradley et al. 2006; Kearney and Bradley 2006; Latz 1995; Povinelli 1995; Rose 1996) and, 
recursively, people see, listen to, and read the landscape. This human and spirit ‘agency’ 
(Mosely 2010) imbues the landscape with a relationship with people whereby ‘two-way 
communication’ between the landscape and the people living in the landscape (Rose 1996) 
occurs. The ability to communicate with the landscape also acts on people to constrain their 
behaviours and decision-making. 
 
Using these understandings of sentient landscapes, Aboriginal communication directly with 
the spirit beings in the landscape (Langton 2005, 2006; Morphy 1995; and others), and 
Aboriginal people’s consequent behaviours in the landscape, we can evaluate the symbolic 
and communicative nature of landscapes, sites, artefacts, motifs, archaeological finds, and 
material culture (Hodder and Huston 2003; Langton 2005; Povinelli 1995). A ‘dialogic 
relationship’ (Tilley 2008) is entered into between people and the landscape and its features, 
whereby people are able to communicate with the landscape. People, then, are able to behave 
in ways that are appropriate according to the messages they receive from the landscape and in 
order to bring positive outcomes to bear on their actions rather than malevolent consequences 
for wrong choice of behaviour. Aboriginal people’s ability to understand the symbols in the 
landscape and its contents, including raw materials such as rocks, allows them to comply with 
the social system of which they are a part. 
 
While people ‘read’ natural and landscape features, there is also an inherent understanding of 
the ritual properties of objects in the landscape, especially stone (Meehan and Jones 2005) and 
the semiotic nature of the rock itself (Povinelli 1995). Thus objects and rocks can also be 
‘read’, telling people of their (the rock’s) power (Jones and White 1988, for example) or that 
they are ‘not ready’ for use: flaking in the case of some stone points (Jones and White 1988). 
This ability to ‘read’ rocks shows that people use their knowledge of the internal ‘life’ of 
rocks as a method of selection to choose appropriate materials for use. I suggest that the rocks 
which form the motifs at Gummingurru were also ‘read’ by the people creating the motifs at 
the site, and that the rocks were chosen, for use certain motifs, and placed according to Law. 
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This observation, by extension, can be seen as Aboriginal Law pertaining to choice being 
applied to a stone arrangement. The actions of the people in choosing the rocks to be used in 
the motifs may have been in response to the widely-held rationale of Laws about choice: to 
avoid sickness, injury, or (in extreme cases) death. Given that Gummingurru was a very 
special site in pre-contact times, being a men’s ceremonial and initiation site, and given that 
special sites are never random (Rose 1996), the consequences of improper behaviour at this 
site could have been dire. Therefore the behaviour and actions of people at Gummingurru, 
including the act of creating the motifs and the whole stone arrangement, would have been 
very closely monitored so as not to incur punishment from spirit beings.  
 
These observations have wider implications for the discipline of archaeology and cultural 
heritage management. These powerful forces are an ‘ever present fact of life’ for Aboriginal 
people (Macdonald 2001:176). However, archaeological analyses of artefacts have shown a 
‘conspicuous absence’ of acknowledgement for this worldview (Mosely 2010:69). While 
archaeologists and cultural heritage managers are able to assess an area using quantitative 
analytical methods, they must also engage with the artefacts they encounter in a more social 
way – a metaphysical relationship (Mosely 2010). This is a relationship that most 
archaeologists have been unwilling to develop (Byrne 2005, Mosely 2010) as it falls outside 
the boundaries of the traditional framework of the discipline and delves into the more esoteric, 
intangible qualities of the artefact/s (which are not measureable). However, I believe that, 
using the research methods described in this thesis, in this new and innovative way, social 
understandings of how a site was created or developed are possible. Using a constructivist 
paradigm combined with a quantitative methodology not only highlights the intangible 
qualities of artefacts (in this case a stone arrangement) but also uses the reductive 
characteristics of archaeology (Byrne 1996:87) to test the significance of these intangible 
qualities. 
 
Future Research  
As the research for this thesis is of a preliminary nature, there are a number of related topics 
that could be addressed for the Gummingurru site, and more generally, in the future: 
 Quantitative analyses of all the motifs on the site. 
 Examination of other stone arrangements in the vicinity of Gummingurru and further 
afield. 
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 More comprehensive literature review with a focus on phenomenology and the 
biographies of objects. 
 Other stone arrangement sites around Australia. 
 Other archaeological sites, particularly areas of raw material selection such as stone 
quarries, ochre pits, and fish and shellfish resources. 
 
Conclusion  
While it has been said that it is often difficult to ‘marry’ scientific and Indigenous paradigms, 
I believe that this thesis has shown that the two can indeed be used in conjunction with each 
other to obtain a positive outcome. The research that I undertook would not have been 
possible without the combination of both approaches for the analysis of Gummingurru.  
 
Using the novel approach of combining quantitative data analyses with a social constructivist 
understanding of Aboriginal Law in the analysis of the data from Gummingurru, I was able to 
gain an insight into the probable decision-making processes that occurred during the creation 
of the site. As the Jarowair people were displaced from the site in the 1890s and have 
therefore not been in physical contact with the place for a century, stories, traditions, and 
knowledge have been lost and have had to be resurrected through the interrogation of a range 
of historical texts along with the few surviving oral histories, mostly those given to Ben 
Gilbert to hold in trust for the Traditional Custodians. I had to use understandings of wider 
known Aboriginal social systems pertaining to regulations and behaviours to construct an 
understanding of the motivations of people who constructed and maintained the stone 
arrangement at Gummingurru. 
 
The conclusions that I have come to are robust. The data show conclusive evidence that 
decision-making processes occurred in relation to the choice of rock selected for the creation 
of at least some of the motifs at the Gummingurru Aboriginal Stone Arrangement site. The 
choices made in the selection of various sizes and shapes of rocks in the case study motifs 
were, in most cases, deliberate. According to the literature on raw material choice, the social 
system that informed such selection was based in Aboriginal Law. I have demonstrated that 
the archaeological record can be evaluated to access these socio-cultural phenomena in this 
new and exciting way. 
 
  
58 
 
APPENDICES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
59 
 
 
Appendix A: Length Table for Whole Site, Selected Motifs, and respective quadrants 
Motif Total number 
of rocks 
10cm – 
19.9cm 
20cm - 
29.9cm 
30cm – 
39.9cm 
40cm – 
49.9cm 
50cm – 
59.9cm 
60cm – 
69.9cm 
70cm – 
79.9cm 
80cm – 
89.9cm 
90cm – 
99.9cm 
100cm+ 
Whole Site 8848 5337 2419 692 233 83 40 15 10 5 14 
            
Catfish 157 62 50 26 10 5 4 0 0 0 0 
 Q1 Body 57 26 19 8 2 1 1 0 0 0 0 
Q2 Fins 39 9 12 8 6 2 2 0 0 0 0 
Q3 Infill 24 12 7 2 2 1 0 0 0 0 0 
Q4 Whiskers 37 15 12 8 0 1 1 0 0 0 0 
            
Large Starburst 431 259 98 47 15 5 7 0 0 0 0 
 Q1 Central Ring 72 21 20 14 8 4 5 0 0 0 0 
Q2 Core 4 1 0 0 2 0 1 0 0 0 0 
Q3 Outer Ring 137 101 28 8 0 0 0 0 0 0 0 
Q4 Rays 218 136 50 25 5 1 1 0 0 0 0 
            
Initiation Ring 200 124 71 4 1 0 0 0 0 0 0 
 Q1 Northern Side 61 32 28 0 1 0 0 0 0 0 0 
Q2 Western Path 21 14 7 0 0 0 0 0 0 0 0 
Q3 Eastern Path 19 12 6 1 0 0 0 0 0 0 0 
Q4 Southern Side 99 66 30 3 0 0 0 0 0 0 0 
            
Snake 149 46 69 30 4 0 0 0 0 0 0 
 Q1 Back 59 11 30 14 4 0 0 0 0 0 0 
Q2 Belly 44 17 21 6 0 0 0 0 0 0 0 
Q3 Head 12 0 6 6 0 0 0 0 0 0 0 
Q4 Tail 34 18 12 4 0 0 0 0 0 0 0 
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Appendix B: Length:width Ratio Table for Whole Site, Selected Motifs and respective quadrants 
Motif Total 
number 
of rocks 
1:1 – 
1.49:1 
1.5:1 – 
1.99:1 
2:1 – 
2.49:1 
2.5:1 – 
2.99:1 
3:1 – 
3.49:1 
3.5:1 – 
3.99:1 
4:1 – 
4.49:1 
4.5:1 – 
4.99:1 
5:1 – 
5.49:1 
5.5:1 – 
5.99:1 
6:1 + 
Whole Site 8848 5331 2473 708 199 69 34 15 7 4 3 5 
             
Catfish 157 77 39 21 14 0 1 2 2 0 0 1 
 Q1 Body 57 32 17 6 2 0 0 0 0 0 0 0 
Q2 Fins 39 21 6 5 6 0 0 1 0 0 0 0 
Q3 Infill 24 14 6 3 1 0 0 0 0 0 0 0 
Q4 Whiskers 37 10 10 7 5 0 1 1 2 0 0 1 
             
Large Starburst 431 252 125 35 6 4 4 4 0 0 1 0 
 Q1 Central Ring 72 35 21 8 2 1 1 3 0 0 1 0 
Q2 Core 4 2 1 0 0 0 1 0 0 0 0 0 
Q3 Outer Ring 137 84 41 7 2 1 1 1 0 0 0 0 
Q4 Rays 218 131 62 20 2 2 1 0 0 0 0 0 
             
Initiation Ring 200 122 61 11 4 0 1 0 0 0 1 0 
 Q1 Northern Side 61 37 22 1 1 0 0 0 0 0 0 0 
Q2 Western Path 21 16 5 0 0 0 0 0 0 0 0 0 
Q3 Eastern Path 19 12 5 2 0 0 0 0 0 0 0 0 
Q4 Southern Side 99 57 29 8 3 0 1 0 0 0 1 0 
             
Snake 149 95 42 7 4 1 0 0 0 0 0 0 
 Q1 Back 59 36 18 2 3 0 0 0 0 0 0 0 
Q2 Belly 44 29 11 2 1 1 0 0 0 0 0 0 
Q3 Head 12 7 5 0 0 0 0 0 0 0 0 0 
Q4 Tail 34 23 8 3 0 0 0 0 0 0 0 0 
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Appendix C: One-way ANOVA Tables 
 
Table C1: ANOVA results for the Whole Site 
 Sum of 
Squares 
df Mean 
Square 
F Sig. 
Length 
(cm) 
Between 
Groups 
20452.837 3 6817.612 63.966 .000 
Within Groups 942614.641 8844 106.582   
Total 963067.479 8847    
L/W Ratio 
Between 
Groups 
7.222 3 2.407 10.435 .000 
Within Groups 2040.227 8844 .231   
Total 2047.449 8847    
 
 
Table C2: ANOVA results for the Whole Site with Selected Motifs included  
 Sum of 
Squares 
df Mean 
Square 
F Sig. 
Length 
(cm) 
Between 
Groups 
6926.916 4 1731.729 16.150 .000 
Within Groups 1048687.142 9780 107.228   
Total 1055614.058 9784    
L/W Ratio 
Between 
Groups 
9.054 4 2.263 9.444 .000 
Within Groups 2344.146 9780 .240   
Total 2353.200 9784    
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Table C3: ANOVA results for Catfish Motif and Whole Site  
 Sum of 
Squares 
df Mean 
Square 
F Sig. 
Length 
(cm) 
Between 
Groups 
4166.606 1 4166.606 38.029 .000 
Within Groups 986405.746 9003 109.564   
Total 990572.351 9004    
L/W Ratio 
Between 
Groups 
12.853 1 12.853 33.199 .000 
Within Groups 3485.655 9003 .387   
Total 3498.509 9004    
 
 
Table C4: ANOVA results for Large Starburst Motif and Whole Site  
 Sum of 
Squares 
df Mean 
Square 
F Sig. 
Length 
(cm) 
Between 
Groups 
97.584 1 97.584 .895 .344 
Within Groups 1011758.805 9277 109.061   
Total 1011856.389 9278    
L/W Ratio 
Between 
Groups 
4.364 1 4.364 11.573 .001 
Within Groups 3497.902 9277 .377   
Total 3502.266 9278    
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Table C5: ANOVA results for Initiation Ring Motif and Whole Site  
 Sum of 
Squares 
df Mean 
Square 
F Sig. 
Length 
(cm) 
Between 
Groups 
758.758 1 758.758 7.079 .008 
Within Groups 969541.818 9046 107.179   
Total 970300.576 9047    
L/W Ratio 
Between 
Groups 
.128 1 .128 .339 .560 
Within Groups 3418.935 9046 .378   
Total 3419.063 9047    
 
 
Table C6: ANOVA results for Snake Motifs and Whole Site 
 Sum of 
Squares 
df Mean 
Square 
F Sig. 
Length 
(cm) 
Between 
Groups 
1915.958 1 1915.958 17.726 .000 
Within Groups 972222.788 8995 108.085   
Total 974138.746 8996    
L/W Ratio 
Between 
Groups 
.121 1 .121 .320 .571 
Within Groups 3398.093 8995 .378   
Total 3398.214 8996    
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Table C7: ANOVA results for the Catfish Motif 
 Sum of 
Squares 
df Mean 
Square 
F Sig. 
Length 
(cm) 
Between 
Groups 
1552.816 3 517.605 3.752 .012 
Within Groups 21105.592 153 137.945   
Total 22658.408 156    
L/W Ratio 
Between 
Groups 
13.799 3 4.600 7.339 .000 
Within Groups 95.886 153 .627   
Total 109.685 156    
 
 
Table C8: ANOVA results for the Large Starburst Motif 
 Sum of 
Squares 
df Mean 
Square 
F Sig. 
Length 
(cm) 
Between 
Groups 
9315.298 3 3105.099 34.264 .000 
Within Groups 38696.168 427 90.623   
Total 48011.466 430    
L/W Ratio 
Between 
Groups 
4.452 3 1.484 5.394 .001 
Within Groups 117.480 427 .275   
Total 121.932 430    
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Table C9: ANOVA results for the Initiation Ring Motif  
 Sum of 
Squares 
df Mean 
Square 
F Sig. 
Length 
(cm) 
Between 
Groups 
169.238 3 56.413 1.966 .120 
Within Groups 5625.242 196 28.700   
Total 5794.480 199    
L/W Ratio 
Between 
Groups 
1.160 3 .387 1.812 .146 
Within Groups 41.805 196 .213   
Total 42.965 199    
 
 
Table C10: ANOVA results for the Snake Motif 
 Sum of 
Squares 
df Mean 
Square 
F Sig. 
Length 
(cm) 
Between 
Groups 
1395.194 3 465.065 9.524 .000 
Within Groups 7080.255 145 48.829   
Total 8475.450 148    
L/W Ratio 
Between 
Groups 
.374 3 .125 .832 .479 
Within Groups 21.748 145 .150   
Total 22.122 148    
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Appendix D: Post-hoc results 
 
Table D1: Post-hoc results for Catfish motif - Length 
Dependent Variable: Length (cm)  
 Bonferroni 
(I) Q 
numbers 
(J) Q 
numbers 
Mean 
Difference (I-
J) 
Std. 
Error 
Sig. 95% 
Confidence 
Interval 
Lower 
Bound 
Body 
Fins -7.742
*
 2.441 .011 -14.27 
Infill -.489 2.858 1.000 -8.13 
Whiskers -1.596 2.480 1.000 -8.22 
Fins 
Body 7.742
*
 2.441 .011 1.22 
Infill 7.253 3.047 .111 -.89 
Whiskers 6.146 2.695 .144 -1.06 
Infill 
Body .489 2.858 1.000 -7.15 
Fins -7.253 3.047 .111 -15.40 
Whiskers -1.107 3.078 1.000 -9.34 
Whiskers 
Body 1.596 2.480 1.000 -5.03 
Fins -6.146 2.695 .144 -13.35 
Infill 1.107 3.078 1.000 -7.12 
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Table D2: Post-hoc results for Catfish motif – length:width ratio 
Dependent Variable: L/W Ratio  
 Bonferroni 
(I) Q 
numbers 
(J) Q 
numbers 
Mean 
Difference (I-
J) 
Std. 
Error 
Sig. 95% 
Confidence 
Interval 
Lower 
Bound 
Body 
Fins -.2018569 .1645117 1.000 -.641596 
Infill -.0788960 .1926329 1.000 -.593803 
Whiskers -.7556002
*
 .1671308 .000 -1.202340 
Fins 
Body .2018569 .1645117 1.000 -.237882 
Infill .1229609 .2053824 1.000 -.426026 
Whiskers -.5537434
*
 .1816789 .016 -1.039370 
Infill 
Body .0788960 .1926329 1.000 -.436011 
Fins -.1229609 .2053824 1.000 -.671947 
Whiskers -.6767042
*
 .2074863 .008 -1.231314 
Whiskers 
Body .7556002
*
 .1671308 .000 .308860 
Fins .5537434
*
 .1816789 .016 .068116 
Infill .6767042
*
 .2074863 .008 .122094 
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Table D3: Post-hoc results for Large Starburst motif - length 
Dependent Variable: Length (cm)  
 Bonferroni 
(I) 
Qnumbers 
(J) 
Qnumbers 
Mean 
Difference (I-
J) 
Std. 
Error 
Sig. 95% 
Confidence 
Interval 
Lower 
Bound 
Central Ring 
Core -10.958 4.890 .153 -23.92 
Outer Rings 12.615
*
 1.386 .000 8.94 
Rays 9.721
*
 1.294 .000 6.29 
Core 
Central Ring 10.958 4.890 .153 -2.00 
Outer Rings 23.573
*
 4.829 .000 10.77 
Rays 20.679
*
 4.803 .000 7.95 
Outer Rings 
Central Ring -12.615
*
 1.386 .000 -16.29 
Core -23.573
*
 4.829 .000 -36.37 
Rays -2.894
*
 1.038 .033 -5.65 
Rays 
Central Ring -9.721
*
 1.294 .000 -13.15 
Core -20.679
*
 4.803 .000 -33.41 
Outer Rings 2.894
*
 1.038 .033 .14 
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Table D4: Post-hoc results for Large Starburst motif – length:width ratio 
Dependent Variable: L/W Ratio  
 Bonferroni 
(I) 
Qnumbers 
(J) 
Qnumbers 
Mean 
Difference (I-
J) 
Std. 
Error 
Sig. 95% 
Confidence 
Interval 
Lower 
Bound 
Central Ring 
Core -.3110984 .2694503 1.000 -1.025305 
Outer Rings .2493036
*
 .0763510 .007 .046927 
Rays .2312588
*
 .0712972 .008 .042278 
Core 
Central Ring .3110984 .2694503 1.000 -.403108 
Outer Rings .5604020 .2660648 .215 -.144831 
Rays .5423571 .2646588 .246 -.159149 
Outer Rings 
Central Ring -.2493036
*
 .0763510 .007 -.451680 
Core -.5604020 .2660648 .215 -1.265635 
Rays -.0180448 .0571865 1.000 -.169624 
Rays 
Central Ring -.2312588
*
 .0712972 .008 -.420240 
Core -.5423571 .2646588 .246 -1.243864 
Outer Rings .0180448 .0571865 1.000 -.133534 
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Table D5: Post-hoc results for Snake motif – length 
Dependent Variable: Length (cm)  
 Bonferroni 
(I) Q 
numbers 
(J) Q 
numbers 
Mean 
Difference (I-
J) 
Std. 
Error 
Sig. 95% 
Confidence 
Interval 
Lower 
Bound 
Back 
Belly 5.190
*
 1.392 .002 1.47 
Head -2.340 2.213 1.000 -8.26 
Tail 6.076
*
 1.505 .001 2.05 
Belly 
Back -5.190
*
 1.392 .002 -8.91 
Head -7.530
*
 2.276 .007 -13.62 
Tail .886 1.596 1.000 -3.38 
Head 
Back 2.340 2.213 1.000 -3.58 
Belly 7.530
*
 2.276 .007 1.44 
Tail 8.417
*
 2.346 .003 2.14 
Tail 
Back -6.076
*
 1.505 .001 -10.10 
Belly -.886 1.596 1.000 -5.15 
Head -8.417
*
 2.346 .003 -14.69 
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